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I. IRTRODUCTIOR

The design, development and qualification of high pressure helium
storage bottles for the Satura $-1C was carried out by the Martin Company
under NASA Contract KAS 8-5151. Upon successful completion of that pro-

BEALER AYERN v rinem A
M . b

widE, NASA-ST avar mAdremtd mw  amwbvand Ac AL £&5

& producticon contract, EAC R-11 to the Martin
Company. It is the purpocse of this report to present and discuss the
activities associated with the production programs.

The basic production contract for 18 units was awarded in October
1963. Im June 13964 the contract vas smended to include 5 additional units
for a total production of 1.

The first 5 units vere shipped on schedule in July 1964. Two of the
second 5 units were shipped on achedule in September 130k. The three re-
maining units in this lot, S/K 0022, 002k, OOl4 were held at the Martin
Company because excessive volumetric expansion had been encountered during
scceplance testing.

During Cctober and November 1964 it was 28taclished that a heat treat
problem existed and additional process .ontrols vwere established including
a hardness acceptance criterion for the bottles. All seven hottles, pre-
viously delivered, were sent back to Martin-Baltimore in December 196k,

The final hardness criterion was agreed upon during January 1965. It was
further agreed that six of the ten units would be reprocessed starting with
heat treatment and four units would be leak tested, cleaped and shipped.
Three of these four, S/N 0016, 0017, 0020, did not meet the newly estab-
lighed hardness criterion but were accepted "as is". The contract schedule

was revised and the 15 units were shipped on schedule as shown in Tadble 1.
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TARLE 1

Susmary of Shipping Dates

No. of Units 8/8 Shipping Date
4 0013, 0015, 0016, 0020 1-26-€5
3 001k, 0017, 0027 2-26-65
3 0023, 0025, 0026 3-5-65
4 0018, ooei, o022, 0024 £-3-65
1 0019 €-29-65

The program and the problems mentioned above are discussed in this

report. Detailed information can be found in References l-h.



IX. CONTRACT DOCUMENTATION

The basic documents which control the manufacture of the helium
bottles are listed in Table 2 together with the revision spplicable to
the basic contract and the revisions made during the life of the contract.
The changes which were made in these documents are summarized in Table 3

and discussed herein.

A. DRAWING 88-4000500, HELIUM STORACE BOPTLE

1. Change D

The primary purpose of this change was to revigse the thread protesctor
used for shipping purposes. “The 0ld protector was s cap and dessicant
holder which screved on to the bottle external threads. This protector design
was used during the development program and found to be undesirable for
several reagons: &) dust from the dessicant entered the bottle interior,
t) the bottle could not be installed im the vehicle without exposing the
clean interior to atmospheric conditioms, c) in one instance, the thread
protector on one end froze and had to be sawed off. The new design elim-
Inated these undesirable features. A teflon ylug is used to seal the motile
interior. These piugs screw Llutc the bottle iInternal threads. One plug con-
tains a pressure fitting and the bottle is shipped with the interior pressur-
ized to 10 psi with dry nitrogen. The external threadq are protected by a
close fitting teflon sleeve on each end. The internal plugs do not have to
be removed‘vhen the ipstallation in the vehicle is made.

2. Change E

The hardness accerptance criterion which was estabiished during ths
program was sdd=d by this change. This change states fhiat after hest treat-

ment and aging the hardness of the bottle shail be measured in accoridayee
N
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TABLE 2

Contract Documentation

‘ boc. or Revision Appl. Revisions Made
| Duwg. No. to Basic Contr. Title During Contract
| 86-4000500 c Helium Storage Bottle D, E
884000510 E Machining of Extrusion | Kone
88 -4000520 A Helium Bottle Extrusion B
MEBX -106 2 Manut'acturing Plan 3
MBX -107 Basic Acceptance Test Plan i, 2, 3
ER 12777 Basic Quality Program Plan 1
MP 50066 1 Cleaning Procedure Supplement I
ps 28 A Heat Treat Procedure B, €
o
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TABLE 3

Contract Documentation Changes

Doc. or Dwg. No. Revision
B0 4TI 500 b7
88 -4000500 E
88 -4000520 B
MBX -106 3
MBX-107 1
MBX ~107 2
MBX-107 3
ER 12777 1
MP 50066 Supplement 1
Ps 28 B
ps 28 c

Reason

Upamie for productivn, add pew Liuead
protector

Add hardness acceptance criteria
Increase minimum sechanical properties
Update for production

Updeste for production

Revise proof pressur= required

Add end closure requirements

Update for production

Update for production

Incresse minimum mechanical preoperties

Add additional process controls
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witk & specific procedure and the resuits shall be guch that on *the
Rockwell B-scale the mipiaum shall Le greater than or equal 1o £7; 4he
average shall be greater than or equal to 73; aand no more than 2 readings

shall be less than 70.

B. DRAWING88-4000520, HELIUM BOTTLE EXTRUSIOR

i, Chauge B

The purpose of this change was to reflect an agreement reached with
the Alurinum Company of Americs regarding the guaranteed mechanicsal orop-
erties of the helium botile extrusions. Prior teo the favrication of the
first extrusions under the original gdeveliopment contiract, Alcoa guaranteed

the following properties:

Longitudinal Transverse
urs (psi) 60,000 sk, 000
S (psi) 50,000 40,000
Tiongation (%) 5 2

Based upon the dala ascumulated 4uring the levelopment program {12 extru-
sions) and the data accumulsted om 11 exirusions from this contract, the

Martin Company requested the following 8s guaranteed values:

urs (pei) 70,000 68,000
¥S (psi) 63, 61,000
Elongation (%) B 3




7

After evaluation of our regquest, Alcoa agreed to guarantee the following:

longlitudinel Transverse
urs (psi) 6€,000 €3,000
¥Ys (psi) 56,000 5k4,000
Elonzation (%) 6 2

These values were accepted by the Martin Company and are the present guar-

> "t S
anteed minimums.

C. MBX-106 MANIFACTURING PLAN

l. Revision 3
This revision was of a general nature to reflect the fact that a

qualified article was now in production.

D. MBX-107, ACCEPTANRCE TEST PLAN

1. Revision 1

Testing during the development program was performed at the Martin-
Denver facility. This revision wae of a geperal nature to reflect the

fact that production tes‘ing wouldl be performed at the Martin-Baltimore

facilit,.

2. Revision 2

The purpose of this revision was to reflect a change in the proof
pressure. NASA-MSFC directed that the proof pressure be changed from
5000 psi to 4500 psi.

3, Revision 3

The pﬁrpose of this revision was twofold; first, to specify the
method of closing the ends of the bottle for test purpouses, and second,

to clarify the description\ef the method of leak testing. The end
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cilosures specified by NASA-MSFC ere in conformance 1o the sactual installa-~
tion. The closures consist of K-geals in accordance with KASA Standard
MC 252 spd fittings in sccordance with KASA Standard MC 178. Installation
torques are specified as 1800 inch-oounds minimum snd 2000 inch—pbunds
maxisum for the -2i boss and 2100 inch-pounds minimum amd 2300 inch-pounds

maximum for the -28 boss.

E. ER 12777, Guality Program Flan

1. Revisgion 1

This was & general revision reflecting the fact that the program

wvas in & production status.

F. MP 50066, CLEANING PROCEDURE

1. Supplement 1

This was & general revigion reflecting the fact that the program

vas In & production status,

G. PS 298, HEAT TREAT PROCEDURE

1. Revision B

The vendor performing the heat treat operations had always guaran-
teed 10 meet the minimum wechanical properties guaranteed by Alcoa for
the basic extrusion. This revision reflected the increase in guaranteed
values discussed in parsagraph B above.

2. Revision

The purpose of this revision was to reflect the process changes

necessitated by the heat treat problems ancountered during the program.
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Thie problem and the changes made vwill be discussed in Section III of this
report. Briefly stated, the revision included the addition of more control

thermocouples, the addition of test bars placed inside the bottle asnd the

inclusion of the hardness acceptance criteriom.
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II1. FABRICATIOR

Bach major step in the bottle fabrication process will be digcussed
herein. Pertinent data will be presented and the problems encountered

will be discussed.

A, BASIC EXTRUSIONS
The pasic extrusions were supplied by the Aluminum Company of

America, the supplier of the original extrusions used in the development
prozram. The extruslon guality was excellent and no problems were en-
countered in their fabrication. The mechacical property data for all 15
extrusions‘is yresented in Table 4. The percent stretch achieved in the
stress relieving operation is also shown. The desired stretch of 1% was
not always achieved but the minimum of 1/2% was. All of the extrusions
met the Class A ultrasonic inspectior standard exceeding the Class B

requirement.

B, MACHINING OF THE ZXTRUSIONS

The vrandors who performed these machining operations in the develop-
ment proxram declined to bid ou the production program. A contract vas
avarded to the Pennsylvania Forge Co. of Philadelphia. This Compﬁny kas
axcellent facilities and equirment and extensive experience in close tol-
erance machining of large steel parts. They had little experience with
aluminpum. The machining of the extrusions was accomplishad without any
major difficulty. The finished parts met all requirements. The surface

finish of ¢he internal bore was e=xcellent.
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TABLE &

SUMMARY OF EXTRUSION DATA

YS-KSI S -KSI Elong - % Percent

8/R L T L T L T Stretch
0013 69.9 65.0 76.1  T0.9 10.0 7.0 U.75
001k 69.5 65.2 5.4  T0.6 9.0 7.0 1.18
001k ™.5 66.8 76.1 T72.1 10.0 7.0

0015 67.4 €2.7 73.1  70.6 9.0 7.5 1.42
0015 68.4 64.6 4.3 73.h 9.5 8.0

0016 70.3 5.9 76.1 €9.9 3.0 5.0 1.00
0016 70.5 £5.6 7¢.3  70.9 10.0 5.0

00LT 70.0 £5.6 75.0  71.8 10.0 7.5 0.94
0017 70.3 65.6 76.0  T2.1 10.0 8.2

0018 .2 64.6 75.6  T0.1 9.5 4.0 0.97
0018 Ti.% 66.8 75.9 T0.6 $.5 5.0

0019 7.1 67.7 76.2 T0.7 9.0 3.0 1.10
0019 1.8 €7.6 77.2  T2.2 9.0 5.0

0020 .2 64 .6 75.3  T0.1 $.0 k.5 1,11
0020 70.G €5.8 76.6 T0.9 9.9 5.0

0021 7.1 66.2 7s.b 71,9 9.5 7.0 1.28
0021 70.2 7.4 75.5  T2.7 9.5 7.0

0022 695.0 64,1 Th.3 €9.3 9.0 6.0 0.80
0022 €9.5 £5.6 75.4  TL.3 9.0 5.0

0023 71.1 €5.58 76.9 1.6 10.0 6.0 0.85
002k  70.2  65.0 75.9  €9.k4 9.0 3.5 1.00
0024 7.5 66.2 76.4  72.6 9.5 1.0

0025 70.5 65.2 76.2 Tl.h 9.5 3.5 0.88
0025 69.3 éh,5 T6.2 T0.7 10.0 6.0

0026  70.2  6h.6 76.9 7.1 9.0 5.5 0.7k
0026 9.6 63.3 75.9  69.9 9.5 5.5

0027 70.5 SIS 5.6 £9.9 10.0 2,5 1.10
0027 63.6 €2.1 75.1  ©9.1 10.0 6.0
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C. FORMING CF THE ENDS

orning of the ends of the tottles was accomplished without any major

tay

rrovlens. Minor problems were encountered in the fora of equipment Ttreak-
downs; the bolts holding the punch im the drop hammer failed perindically

and were replaced with s larger ipternal wrenching bolt, the air cylinder

driving the feed mechanism required a complete overhaul. Thege items

are congidered 1o bha i

v the smirntenarine oatacr
1NLe meIinten cata

o

Try. dear of the dle iz, of
course, progressive and wear plates were added periodically ss reguired.
Immedistely after completion of the forming cf the lﬁrunits required
unger this contract, forming operaticons started under a Boeing Purchase
Crder for 3% wnits., Twn major eguipment breakdowns were enceunterad
during the forming of the firsgt lot of Boeing bottles. TFirst, one of the
siie rails, attaching vhe drive mechanism to the drop hammer, falled.
Second, the main gzesr in the drive mechanism failel. The side rail vas
spiiced and beafel-up in the critical asrea. The other sids rail vas re-
inforced in the-same manner. A n2v gesr box was designed, bullt and in-

- ¥ < » & L 3 1 T p R . % N P r
stalled in the drive system, aApproximately 20 wunlzs have Lesn Tormed

girce thes: repsirs and no itrouble has Leen encountered,

The tools and technigues desvelsped, during the prior contract, for

removing the forming folds by interrnal machining ware

«

0

mployed succeseg-
fully or this prograz. The Internal *racking tool requir~d routive main-

tenance and one complete overhaul.,  The mest critical oneration ls tne

: ) < - “-I‘" X - N 7 e
aohining after the second forming step.  Sulficlent material mus a
. - ] Y 3 - R T 4 Tn mmh % g g W
remsred 1o ol Laelow the root of any fold. AU thne same tine, nowever,




L3

repoyval of 1 t in an cversize hnle sfter final

forming. Tae standard poocelwe o to face-off the end so that the 0D is
£.1/L", <hen urre the I to 2. Tae loestion of folds is clearly visible
nefore noring and the locatisue are marked. A visual Inspestion of these
locations is made after boring. If f£old roots are sean the bore is in-

creased in 1/16" increments. If there iz say doubt about the existence

of s fold; & 1ignt swabl e~ich It wae ofitan nzcassary

to proceai in this manner to s 2-17s" wore and on one ceeasion the vore
want <2 2-1/27. Sven at the 2-1/27 bora, the Tinal Torming
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4

vere pelow the minimum wall thickuess of 0.59 inches. A4 DAR was sit-

somewnat more severe local thickress deviation whish 314 not afifect the
purst stremnth.

The cleening of the fixture 4id not solve all of tha surface asorasion
protlems. The way in which the fixtuwre was constructed wss such that

ayed . . 2 mmn L rer = r N P >
during qguenching there was relatlve motion hetlween the ootile and the

support rirgs which were an integral part of “he fixture. It was falty
i
tiiat the surfaca ebrarion could Yz ~liminoto? Ty eliminaving the re’rtiva

notion oetwaen the cottle and the support rinis. This was acommlivhad

s

by clamping aluminum rings to Tthe b~tile so “hat the relative motion was

o

Detween the new rings and the old surport rinss. The rings which olem,
- - &

10 the bottle sre approxi

2 _ 1 Tme 7 amame e S e e AR (o - N 3 T
are made ag two semi-zircular pleces n0d contalin a nupbher of l-iseck halaesn

: ' b . 4 3~ e P .
to oAl clamed to lhe pottle oo

3 - S ks T - Tim A
Wrerzing the rings with a lensth of wire 524 twistin 10 e o
tha vwire. 8 ofTers very little raztris-

robleg came in July 1964 vhen the ®Pourth

v i
=ROlufiz



15

maeasurepent

LY
e} ww 41}
& @ o © o
~ A i Lt | € t E
+ [#] L 4] +2 < ri 4 by 13 b
L1 4 2] L 43 G A
e il £ C 4 R o Gy ,
% © AR ¥ o R
X @ el o [+ bY
L] e N |51 [ 5] Q 3
Q o 1Y 1 ek 0 w1 i
(3] > & L} 4 3 o e 4]
" -3 [ ol i - i . :
® 43 vy &3 -t 1 il [ 4
4 . " [y (" ol o ed - . [
- qQ [ 8] o ol g Ci e el
3 4 +* 4 A % Tod P L P -~ .
[ o o3 3 o gl « 42 4 . g B
w.“ B 9] ] w N ¢l AL ad ey [ ar - .
poss e ot * [ 4] e I . - 2 [ o
7] w4 w3 s} P o b o vy o« s *
o M [ [ 1 Iy W T 0 . ot 03 o
m wrd ") i oA 4 3] 23 A aad fad Al :
o o 4 4+ 4 (4] by ] [ n o
Qi (5] L0 &) kY o o Gy b} i K¢ 4 [ o
pa] * [N} et i ¢ 4 el [} Pl I i .
[ P m,. (¥ ] [l o " L% % e i
o mm K $or 43 <3 3 - [J)
e + b e [} i @ e L 2
M @ . L3 ced Koo © £ [ o
3 W G4 iy o 4 out e Ly 54 -
a » 2% Q pd o [ 2 B . N @ e w
3] rd sy 7 £ ¥} - -~ o 42 * wd )
4 « fol bl L -4 L o~y ot o) .1 - . [
+ 21l m A ] b (R At [ah O it [id) i ol 3]
0 v [ ol 4 ri =] " ] 4] £ < s &
Q bl w " vy o 1 ) 55} 57 2
+ Gy i o 5] L i -4 i 40 - c ! 4
Q e [a) 19 o =4 R4 1 k3 i o N =3 o1
0 o 3. ] Ks o W a { £ i ™ !
™ $ @ o] o o ! as e
ot + £y w 3 v W £ 3] " 5] 0 [ 1,
I 2l [+ wd 1] B4 4 -3 $u 'l < - ] £
“ mw_ S 5 a "~ v 4 EY 2 7] 53 ] 5 ot fy
e o @ o L & +2 3 54 r, Lo
&4 H +3 e 4 ey e 4 1y sl o 8?7 e Lo
o al o G v o Y] o] -4 iy . o ot e
O Y £ o o I D a O < W s < i 3 4 o
A o Bt £ ved < K +? & a4 - & Gt o o1 14 4
4+ + bl . L] N [ ) 42 ) 3 s e o “
o LY i ] e £ + 3 a ’ 4 -4 @ o o " ) 4
i3 2 ¢ el ot [ ] -t O e ol e - o L o
w4 o K i} ko] O od £ C S : K o &
& ¥ a £ a $ Ko i I U « bt Gt e : T4
5 L) e TR - & %) G 5] o 7 A ' !
e i Lad el ot fu Ay mw e e} ) 3] (9 o] 3
] a e L o > ) & - o Vi o« 3 i w
LY 4 4 m o . > LY 4 — o < . ® 1 P t
b4 e 2 o el q (o] mu o R =) .t 9! u i a [ by
(o) L .o 3 5] by A 4 > 3] N 4 [ = - o]
4 il - e . (4] Ly . 7 é] ed & 4 1,
{4 3 ) Gt St o 3 P 1] < . o g [ [} 3 o I
5 ..w In} ] 4 < I . 3 £ oy o o i & o] i p
v £ > A &S o n ow ;e AT n SRR A = B I
) Q J et ~ o 42 @ %) L4 L at
m, - > & NaY I K¢l al ) w3 el 0 v 4
. . . w ot 9] < ) I I < , B . .
&} G o z i X4 [e) ot 4+ 43 ) 4 « v B3 s - o 2 ¢ !
i et ﬁ, « a n 1 2 < o O )
IS 5 S, @ ks R . -t
(N Lo 53 A 1 L4 4 s ki 1V a1 a4 a1
£ ot G a2 i) i + [} 4
8 [« o ui U i1 3 - e 0 ] < s
m; B4 o a b [ H b L @ £ wn B
A A - N S T LW




e, 111 Jeliverad
that hardness meas

These actlions

A

“urnace.

mits were returned to the

furnace survey revealed

to a heat lesk, ran 40-509F colder than the remaind

)
L

Martin Company so

sur>merta could ve pade.

o in the furnace which,

P
Q8T

of

b. The conirol, measuring and recording eguipment were within the
speciiied calibration limits.
c. The heat treat logs revealed that the Jevelopment units bad, mn
the everage, & siznificantl, lorser farnace tlme (200-400
minuces) than the present units {200-250 oinutes).
4. Preliminary hardness measurements showed that the vottles which
expanded had signiciantly lower hardness values than thase which
did not expeEn
Ac a2 result of thess findings the furnace was repairel and heat ireatliig
operations waere resumed 1n November 19ch whorn the firgr of the laght ot
nits. O3/1 0013, was proo: The npariness sarvel oals on Thls
unit showed siznificantl; nigher hariness levels i oo the expands’
wiits. A hardress accepfance criterla wae to Te essiablished as 5000 S8
Zata on all the units could be accumulisted. The laszt Jour units wWersz
rrocessed in Novemver 106l and the hardness surveys indicated gnod result
The lavoratory report of the test car mechanical properilies showed, hrd-
ever, tha* three nuitis, ey, 2025, 0020 failed to geet the minlmun
elongat inn regulirements. It was sonjeciured that overheatling cowdd Lz
“he catsz and noe agsalrn the lLeat ireal operzilone wers suspenisi whils
n ipvestigation wae made.
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fter crocessing unit 5/F 20LlY the vendor suggested iha

lad
3
5
43
&
fte
L}
O
"
a3

heatlng ~ould be obtained uy charging the vottles intc 3 not furnace (540%7).
The Martiu Jompany accogpted this sujgestion and the last four units were
processad in this manner. When the test bar reports were received iu
Decembar 1564, it was suspected thst the low elongation values resulted

from overheatiny. Metallographic examination of these +~est bars eonfirmed

that they h1ad bLeen overhastel., Permiszsion was outarined Trom YASA-MSESC 4o

remove material Trowm the onds of each of these otitles. Metallograrhic

1

anrlysis of thess samples i3 vodl reveal any evidence of ovrerheating
At ihis Time, & s3pare oottle veg available from *he Loeins contract .

It wag decided (o lnstrument this unit ewionsively and mare two trial runs.

The first run was made starting with a 20ld fursace and the secornd was made

starting with a hol [rnace. Both runs were made dwrin; Janusry of 12€%5.

The 4daty jenersted from these tesis 1s
wherain 1% 1s concluded thar 2441t 033l Lrocess controls ars ransirod tno

-

A : . - & JORE T ; e L am PP . R - (R N
e’ im'pate tae ofr2ciy of variations in furnice operstsr cextnigue. It

was Turther conciuded that units

>
0

Q
9

T

Vadi v 2

(

rheating was confined to  the test bars.

L. Process Changes

As 8 result of the provlems snd investigations discussed above, the
vendor rrocess was revised to reflect additionsal ~ortrslis and accept

criteria, This revision is reflilerted in MITLAR procass P53#23-0. The

alilcirn 2ortrols lomosed ara:
1. Irn a’dition to the three external vottie surface thernst ) leg,
*he test pars at either end of the fixiure are instrumenteid



sur test vars with thermosouples atiacked are ‘nseried
inside itne Lottle along 1ts length.

¢. FPurnace controller settin s are not to exceed 3509F at any

d. 2ottles will De charged into the furnace not exceeding 350°F.
During Decemcer 1964, ihe previocusly delivered units were returned to the
Martin Company together with cne urit availsble from the development

contract. Hsrdnes: data was accurulated on all these uwnits. In addition,

the renmalns of the rom the orior contract were availsaple
at Martio-Cenver &ul nardress dats was taken from these units., ALl of
these duta wer:s sutmitted “o NASASCFT and during January 1265, the

~

After heat trestment of the Lottles, Hockwall

[§4]

hardiness
nmasg rement s shall e made Iin accordance with Mar~tin o8

10,007, feocestance shadllt e Laged unone

Shav TR
4/ N2
- - -~ 3 . 1 -~ . N TR
oo more TOAnN ragd LN LR nnan [

Vieaml Ciprgelt
e SarBRL Lo EIURS T
fased uron the haridness criteris ostavliched in Januvary 1005, six
3 ~e e .t T YIE A0 AOOC . ONDE AT
of tha ¥ifteen units {(5/K 0013, 00LS, 0023, 0028, chc,\bﬁL,)were
5 -~ Iy [ e ERN ~ oy - ~y ~ 5 oy
acceptal-le nnd nire (51 D04, oole, 0017, 0L, 0019, 2020, 0021, W22,

T 3 P [ ol
00k} were not. NASA-MEFC ajreed to accapt S

4] s 4 . et Fam Y v gyae - e e = sarm b A o W A
as 5" aul the Martln Jomoan asrest Yo reprocess vnits D0Lla, 001
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0016, 0017, 0020 were submitted and acrcepted. Regarding uaits 0023,

SFC 334 pot agrze with the Mart

fore
;
5

r{-
i
1¢7
h
0
£
[
o+
o
L

ad not been overheated. Before further evidence eould e
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(continued)
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J. ATION COFTRCL CLEANTNG

The final cvontamination control cleaning is accom lished (et prior

rment.,  As with the urior contranrt, +hege operations

are carried ount at Martin-Jaltimore .n acecordance with Martin Procs

[&]
[

MP SO0SGE. Ko major problems were sacountered in meeting “he requir

i
ol

claanliness lavels.
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Those which were rali=at troated are dengted
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Forge Co. Macniniug
METIAZ Co. Heat Treatmant
Matgl Con Zhot Trening
J.0W. Rex To. Suriaco

the excepiion of the MITLAE To., the performance of these

vendors was sxcellent. The MOTLAZ To. must be criticizasd for neot 4 s-
overiang the aguisment deteriors led to the furssee cold spot.
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